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[57] ABSTRACT

The present invention relates to a multi terminal direc-
tional coupler combined by a plurality of directional
couplers. Two directional coupling conductors form
each of the directional couplers and are provided on
both side faces of a ground conductor through dielec-
tric substrates so as to oppose each other. Openings are
defined on the ground conductor corresponding to the
coupling conductors so that the coupling conductors

fay ?g }gg [g] }apan """""""""""""""" giégggg are electrically coupled through the openings. There-
Aug. 7 1og7 [JP] Japan """"""""""""""""" 62“ 203676 fore, interference between transmission lines situated on
ug. 17, [JP] APALL ccoinrassnssaransasscsssonensens ) both sides of the ground conductor can be prevented
[51] Int. CL4 .ooriiereiienrcnreseecenencssesseisnnen, HO1P 5/18  and the multi terminal directional coupler can be made
[52] U.S. CL corerrecreereenenneeneneeenen, 333/116; 3307295  small in size and weight. '
[58] Field of Search ................ 333/109, 116; 330/286,
330/2935 6 Claims, 24 Drawing Sheets
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Fig. 1(C)  Fig. 1(D)
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Fig. 4 (A) . Fig.4(B)
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Fig. 6 (4)
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:
DIRECTIONAL COUPLER DEVICE

FIELD OF THE INVENTION

The present invention relates to a directional coupler
device.

DESCRIPTION OF THE PRIOR ART
FIG. 3 shows a circuit diagram for a multi terminal

directional coupler having four input terminals and four 1

output terminals. In FIG. 3, the signals input to signal
input terminals 1 and 2 are inputted to a hybrid direc-
tional coupler 92 having a 3 dB degree of coupling
(referred to as coupling degree hereinafter) and each of
the signals is divided into two parts by the directional
coupler 9¢ and the divided signals are coupled. The
divided and coupled signals are respectively input to
hybrid directional couplers 9¢ and 94. The signals input
to the signal input terminals 3 and 4 are inputted to a
hybrid directional coupler 95 having a 3 dB coupling
degree and each signal is divided into two parts by the
directional coupler 96 and each signal is coupled. The
divided and coupled signals are input to the hybnd
directional couplers 9¢ and 94 having a 3 dB coupling
degree. The signals input in the directional couple 9c are
respectively divided in two parts and the signals are
coupled. The divided and coupled signals are output at
signal output terminals 5 and 6. The signals input in the
directional coupler 94 are respectively divided into two
parts and the signals are coupled. The divided and cou-

pled signals are output at the signal output terminals 7

and 8.
In the multi terminal directional coupler constructed

as mentioned above, each signal has } power of the
input power of the signals input in the input terminals 1
to 4 and each signal is output at the output terminals S
to 8. The multi terminal directional coupler can be ap-
plied to a butler matrix which controls the direction of
the radiation beam and the available scope of the cou-
pler i1s wide.

In FIGS. 4(A) and 4B), there is provided a branch
line directional coupler 9a on the top surface of the left
upper portion of a dielectric substrate 10 which is
formed in a rectangular shape having a ground conduc-
tor plate 11 formed on the entire reverse surface of the
substrate 10. The branch line directional couple 9q in-
cludes strip conductors 21 and 22 having a rectangular
shape of a width d1 and a length Ag/4 and strip conduc-

tors 23 and 24 having a rectangular shape of a width d2

and a length Ag/4. The strip conductors 21 and 22 and
the strip conductors 23 and 24 are respectively formed
“in parallel on the dielectric substrate 10 for providing
the respective strip conductors 21 to 24 in a rectangular

shape. Ag is a wave length in the wave guide. Respec-

tive conductors on the connection point of the strip
conductors 21 and 23, the connection point of the strip
conductors 22 and 24, and the connection point of the
strip conductors 21 and 24 are respectively indicated by
the numeral 25 to 28. As known in the prior art, in the

branch line directional coupler 9a, a microwave line of 60

a specific impedance Zo may be coupled to the conduc-
tors 25 to 28 by suitably defining the widths d1 and d2
of the strip conductors 21 to 24 for obtaining a 3 db
coupling degree in a circuit formed by the conductors
25 to 28 of the connection points.

Branch line directional couplers 95, 9¢, and 9d are
formed on the left bottom portion, the right top portion,

2

insulator substrate 10, as shown in FIG. 4(A). Branch
line directional couplers 95, 9¢, and 94 are similar to the

~ branch line directional coupler 9¢. For convenience,

3
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20
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and the right bottom portion of the top surface of the

reference numerals 21 to 29 of the directional coupler
9a are used in the directional couplers 95, 9¢, and 94.
The respective conductors 25, 26, 27, and 28 at the
connection points of the directional coupler 9¢ are con-
nected to the signal input terminals 1 and 2. The con-
nection points 25 of the respective directional couplers

0" 9¢ and 94 are connected thereto through the connection
strip conductors 31, 32, 35, and 36, having width d. The

respective conductors 25, 26, 27, and 28 at the connec-
tion points of the direction coupler 95 are connected to
the signal input terminals 3 and 4. The connection
points 26 of the respective directional couplers 9¢ and
9d are connected thereto through the connection strip
conductors 33, 34, 37, and 38 having the width d. It is
noted that the strip conductors 36 and 37 are formed 1n
solid crossing shape, that is, the conductor 37 is laid
over the conductor 36 which has an insulator 43 formed
in between at a solid cross portion 30. The conductors
28 and 27 at the connection points of the directional
couple 9c are respectively connected to the signal out-
put terminals 5 and 6 through the strip conductors 39
and 40. The conductors 28 and 27 at the connection
points of the directional coupler 94 are respectively
connected to the signal output terminals 7 and 8
through the strip conductors 41 and 42. In order to
transfer 1 power of the signals input in the signal input
terminals 1 to 4 to the output terminals 5 to 8 with a
predetermined phase difference, the respective lengths
of the connection strip conductors 31 to 34, 35 to 38,
and 39 to 42 are made equal.

In the multi terminal directional coupler, constructed
as mentioned, the connection strip conductors 31 to 42
act as micro strip lines in association with the ground
conductor 11 and operate in a similar manner as the
directional coupler shown in FIG. 3. When the specific
impedance of the micro strip line is given, the width of
the strip conductors 31 to 42 can be selected in a known

manner.
In the conventional directional coupler, as shown in

FIGS. 4A) and 4(B), the signal which propogates
along the strip conductor 36 and the signal which
propogates along the strip conductor 36 and the signal
which propogates along the strip conductor 37 interfere

each other at the cross point 30 of the connection strip
conductors 36 and 37. Whereby, equivalent signals can-
not be produced at the signal output terminals 3 to 8.

In the multi terminal directional coupler, the electri-
cal length of the signals which propogate the connec-
tion strip conductors 31, 35 and 39; 32, 36, and 41; 33,
37, and 40: 34, 38, and 42 from the terminals 1 to 4 to the
signal output terminals 5 to 8 are required to coincide.
However, in the conventional structure, as shown in
FIGS. 4(A) and 4(B), it is necessary to adjust the length
of the strip conductors 31 to 42 to correspond with the
shape of the solid crossing 30, which makes manufactur-
ing of the coupler difficult.

Furthermore, in order to decrease the electrical cou-
pling among the connection strip conductors 31 to 42
other than the hybrid couplers 9a to 94, it is necessary
to make the line distance widths equal. However, in the
conventional structure shown in FIG. 4, there must be
provided eight input and output strip conductors 31 to
34 and 39 to 42 and four strip conductors 35 to 38 for
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3

connecting the directional couplers on the substrate 10,

whereby the size of the directional coupler is bulky.
The present invention is made for solving the various

problems mentioned above by providing directional

coupler device which is able to prevent interference of 5

the signals propogating in the strip conductors and to
divide the power of the input signal with a good electr-
cal property. | |

A further object of the present invention is to provide
a directional coupler device which is light in weight,
compact, and can be manufactured easily.

SUMMARY OF THE INVENTION

The present invention is characterized in that a plu-

rality of first directional couplers are formed on two
opposite faces of a ground conductor through dielectric
substrates, and two connection conductors are formed
on the two opposite faces of the ground conductor
through the dielectric substrates. Thereby, an opening

10

13

is defined in the ground conductor and a plurality of 20

second directional couplers are provided for connecting

the conductors.
In the second directional couplers, arranged as men-

tioned above, the signals on the two connection con-

ductors can be mode-coupled through the opening of 25

the ground conductor. Whereby, the two directional
couplers can operate similarly to the conventional
branch line directional coupler, as shown in FIGS. 4(A)
and 4B). When first and second micro strip lines
formed on the dielectric substrate with two terminals
are connected to the connection conductors, the first
“and second micro strip lines can be coupled by the
second directional coupler. Under this condition, a mi-
crowave signal input to one signal input terminal of the
microstrip line passes the connection conductor of the
directional coupler and is output either at another signal
terminal of the first microstrip line and at another signal
terminal of the second microstrip line. The connection
conductor is connected to the first microstrip line. The
opening of the ground conductor and the connection
conductor are connected to the second microstrip line.
A microwave signal input to one signal terminal of the
second microstrip line is output at another signal termu-
nal of the first microstrip line in a similar manner, as
mentioned above.

In the first directional coupler, which is known as a
branch line, interdigit or tandem directional couplers
are provided on both faces of the ground conductor

30

35

45

through the dielectric substrate and the second- direc- -

tional coupler is connected to the first directional cou-
pler. Whereby, a ‘multi directional coupler having a
plurality of input and output terminals may be provided.
Accordingly, the first directional couple can divide
each of the input signals. The divided input signals can
be coupled and output at the second directional coupler.
Subsequently, the second directional coupler divides
each of the input signals and couples the divided input
signals and outputs. For example, assuming that the
multi terminal directional coupler includes two first
directional couplers and two second directional cou-
plers with the coupling degree of the first and second
directional coupiers being 3 db. In a similar manner to
the device shown in FIGS. 4 A) and 4(B), the second
directional couple outputs 3 power of the input signal
~ that this input to the first directional coupler.
- As mentioned above, since the first directional cou-
pler is provided on the opposite faces of the ground
conductor through the dielectric substrate, while the

50

53

60

65

4

connection conductor of the second directional coupler
is provided on the dielectric substrate, it is possible to
make a multi terminal directional coupler 3 size of the
conventional directional coupler and it i1s not necessary
to provide the solid crossing. Accordingly, it is possible
to form accurate conductor patterns and to prevent
interference of the signals at the solid crossing which
occurs in the conventional directional coupler.
Furthermore, the present invention is characterized
in that a multi terminal directional couple includes N
input terminals, wherein N is 2/ with N being more than

4 and is a natural number, N output terminals and

1 2/—1 directional couplers for outputting signals hav-
ing 1/N power from the input signals which are input to
the N input terminals. Each of the 1Xx2/—1 directional
couplers is formed in such a manner that two coupling
conductors forming the output or input terminals are
formed on two opposite sides of a ground conductor
through dielectric substrates and two opposite coupling
conductors are electromagnetically coupled through an
opening defined in the ground conductor.

By the arrangement mentioned above, strip conduc-
tors for connecting the input terminals, the output ter-
minals, coupling conductors of the directional couplers,
the respective terminals and coupling conductors, and
the respective conductors can be separated formed on
the respective dielectric substrates situated on both
sides of the multi terminal directional coupler may be
decreased to about % of the conventional directional
coupler. Whereby, it is possible to decrease the size and
weight of the directional coupler. Moreover, since the
solid crossing can be eliminated, it is possible to prevent
the interference between the signals propogating in the
strip conductors. Therefore, multi terminal directional
couplers can be provided which are able to divide the
power of the input signals with a good electrical prop-
erty. |

Moreover, according to the present invention, there
is provided a microwave signal processing circuit
which includes a directional coupler formed in such a
manner that a pair of coupling conductors forming
input and output terminals are formed on both sides of
a ground conductor through substrates. Thereby, the
coupling conductors are electromagnetically coupled

through an opening defined on a ground conductor

formed between the coupling conductors and the mi-
crowave signal processing circuit disposed on the sub-
strates connected at the front stage or the rear stage of
the directional coupler. |

In the arrangement mentioned above, the coupling
conductors of the directional coupler, the microwave
signal processing circuits, the connecting lines for con-
necting the coupling conductors, and the microwave
signal processing circuits may be divided in.two parts
on both sides of the two substrates. Accordingly, the
size of the microwave device can be decreased by 3, as
compared to the conventional device and it is possible
to decrease the size and weight of the microwave de-
vice. In additional, since the device, according to the
present invention, can be made without ridge coupling,
as used in the conventional device, 1t 1s possible to pre-
vent the interference between the signals propogating in
the various circuits or lines of the device. Therefore,
there can be provided microwave devices which can
process the input signals with a good electric property.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus, are not limitative of
the present invention, and wherein:

FIG. 1(A) is a top plan view showing an example of
a four input and four output directional coupler accord-
ing to an embodiment of the present invention;

FIG. 1(B) is a plan view showing the directional
coupler of FIG. 1(A), as viewed from below;

FIG. 1(C) is a top plan view showing a ground con-
ductor used in the directional coupler of FIG. 1(A);

FIG. 1(D) is a cross sectional view taken along the
line A—A' of FIG. 1(A) and FIG. 1(B);

FIGS. 2(A) and 2(B) are vertical cross sectional
views showing an electric field distribution for even and
odd modes in a vertical mode drive at the connecting
portion of the line B—B' of FIGS. 1(A) and 1(B);

FIG. 3 is a circuit diagram of the four input and four

output multi terminal directional coupler of FIGS. 1(A)
and 1(B);

FIG. 4(A) is a top plan view showing a four input and
four output multi terminal directional coupler using
four branch line directional couplers; |

FIG. 4B) is a vertical cross sectional views taken
along the line C—C' of FIG. 4A);

FIG. 5(A) is a top plan view showing an example of
the four input and four output muiti terminal directional
coupler according to another embodiment of FIG.
4A);

FIG. 5(B) is a bottom plan view of the muiti terminal
directional coupler of FIG. 5(A);

FIG. 5(C) is as vertical cross sectional view taken
along the line A—A’ shown in FIGS. 5(A) and 3(B);

FIG. 5(D) is a vertical cross sectional view taken
along the line B—B’ of FIGS. 5(A) and 5(B);

FIG. 6(A) is a top plan view showing the multi termi-
nal directional coupler of FIG. 5(A);

FIG. 6(B) is a top plan view of a ground conductor
used in the multi terminal directional coupler of FIG.
S(A);

FIG. 6(C) is a top plan view showing conductor
patterns of the bottom surface of the multi terminal
directional coupler of FIG. 5(A); |

FIG. 7(A) is a top plan view showing another exam-
ple of the directional coupler forming the rear part of an
eight input and an eight output multi terminal direc-
tional coupler; *

FIG. 7(B) is a top plan view showing a ground con-
ductor of the directional coupler of FIG. 7(A);

FIG. 7(C) is a top plan view of the conductor pat-
terns of the directional coupler of FIG. 7(A);

FIG. 8(A) is a circuit diagram of the multi terminal
directional coupler of FIGS. 5(A) to $(D);

F1G. 8(B) is a circuit diagram showing a medlﬁeatlon
of the multi terminal directional coupler of FIGS. 5(A)
to S(D);

FIG. 9.is a circuit diagram showing the multi termi-
nal directional coupler of FIG. 7(A) to 7(C);

FIGS. 10(A) and 10(B) are vertical cross sectional

views for even and odd modes of the vertical mode
drive at the connecting portion on the line F—F' of
FIGS. 5(A) and 5(B);

FI1G. 11 is a circuit dlagram showing the conven-
tional four input and four output multi terminal direc-
tional coupler;
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FIG. 12 is a circuit diagram showing the conven-
tional eight input and eight output multi terminal direc-
tional coupler |

FIG. 13 is a circuit diagram showing the conven-
tional sixteen input and sixteen output multi terminal
directional coupler;

FIG. 14(A) is s top plan view showing the four input
and four output multi terminal directional coupler using
a four branch line directional coupler;

FIG. 14(B) is a vertical cross sectional view taken
along the line E—FE’' of FIG. 14(A);

FIG. 15(A) is a top plan view showing a microwave
balanced amplifier according to an embodiment of the
present invention;

FIG. 15(B) is a top plan view of the ground conduc-
tor used in the microwave balanced ampiifier of FIG.
15(A); |

FIG. 15(C) is a top plan view showing the conductor
patterns used in the microwave balanced amplifier of
FI1G. 15(A);

FIG. 15(D) is a vertical cross sectional view taken
along the line A—A' of FIG. 15(A);

FIG. 15(E) is a vertical cross sectional view taken
along the lines of B—B' of FIG. 15(A); |

FIGS. 16(A) and 16(B) are vertical cross sectional

“views showing the electric field distribution for odd and

even modes of the vertical drive at the connecting por-
tion of the line B—B’ of FIG. 18(A);

FIG. 17 is an embodiment of a four input and a four
output multi terminal amplifier according to the present
invention;

FIG. 18(A) is a top plan view of the multi terminal
amplifier for showing the practical feature of the multi
terminal directional coupler of FIG. 17;

FIG. 18(B) is a top plan view of the ground conduc-
tor 12 of the multi terminal amplifier of F1G. 17; and

FI1G. 18(C) is a top plan view showing the conductor
patterns on the dielectric substrate 106y used in the
multi terminal amplifier of FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1(A) to 1(D), there are defined
coupling openings 17a and 170 which penetrate a
ground conductor 11 and have a length W on the short
side and a length Ag/4 on the long side in the upper
right portion and the lower right portion of an elon-
gated ground conductor 11 which has a thickness of tO0.
The coupling openings 17a and 175 are filled with cou-
pling insulation materials 10ca and 10cb. The ground
conductor 11 is provided between dielectric substrates
10a and 106 which have thickness of {.

In the upper right portion of FIG. I(A) above the
dielectric substrate 10a, a coupling conductor 18¢ of a
rectangular shape with a length S on the short side and
a length Ag/4 on the along side is formed above the
coupling insulation material 10ca. On the other hand,
another coupling conductor 19a, similar to the conduc-
tor 18¢, is formed below the coupling insulation mate-
rial 10ca in the upper left portion of FIG. 1(B) on the
lower surface of the dielectric substrate 105. In order to
provide input terminals and output terminals of the
multi terminal directional coupler on the same side and
to equalize the electric length between the input termi-
nals and the output terminals, the coupling conductors
182 and 19a are formed so that the longitudinal direc-
tions of the coupling conductors 18z and 19z extend in
a parallel direction to the longitudinal direction of the
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dielectric substrates 102 and 105. When a microwave
signal is applied to the ends of the short sides of the
coupling. conductors 182 and 19a, there is developed a
mode coupling between the coupling conductors 18a
and 185 and the ground conductor 11 through the cou-
pling insulation material 10ca in the coupling opening
17a. Then, the input power is divided into two equiva-
lent parts and the input power is coupled. Thereby, the
power is output at the other end of the short side of each
of the coupling conductors 18z and 19a.

10

Referring to FIGS. 1(A) and 1(B), the positions of the

coupling openings 17a¢ and 17b are indicated by the

dotted lines. The respective short sides of the coupling
opening 17a of the ground conductor 11 and the short
sides of the coupling conductors 182 and 19ag coincide
with each other. The dielectric substrates 10z and 105

15

and the coupling insulation material 10ca are formed in

one body having the same dielectric constant.
FIGS. 2(A) and 2(B) are respectively vertical cross

sectional views showing the electric field distribution of 20

the odd mode an the even mode by the known vertical
mode driving at the coupling portion on the B—B’ line
of FIGS. 1(A) and 1(B). In the even mode, which is
shown in FIGS. 2(A), electric force lines are developed
between the coupling conductors 18¢ and 19z and the
ground conductor 11, whereby the opening acts as a
magnetic wall. On the other hand, in the odd mode,
which is shown in FIG. 2(B), electric force lines are
developed between the coupling conductors 18a and
19a and the ground conductor 11, whereby the opening
acts as an electric wall.

Accordingly, a directional coupler 9ca is formed
having a predetermined coupling degree by the ground
conductor 11 and the coupling conductors 182 and 19q
are formed on the dielectric substrates 10a and 10b.

Therefore, a four terminal directional coupler 9ca may .

be provided having a coupling degree of 3 dB by select-
ing the dielectric constant of the dielectric substrate

10q, the width S of the coupling conductors 18z and

- 19a, and the width W of the coupling opening 17a. It 1s
noted that the coupling degree is 3 dB. In order to
increase the coupling degree, the width W of the cou-
pling opening 17a i1s made large. | |
There is formed a coupling conductor 185 having the
same shape of the conductor 18a directly above the
coupling insulation material 10ch in the lower right
portion in FIG. 1{A) on the dielectric substrate 10a.

Also, a coupling conductor 196 is formed having the.

same shape as the conductor 19a directly below the
~ coupling insulation material 10cy in the lower left por-
tion of FIG. 1(B) on the lower surface of the dielectric
substrate 10b. Accordingly, there can be provided a
directional coupler 9da having a 3 dB coupling degree

in a similar manner as the directional coupler 9ca using

the ground conductor 11 and the coupling conductors
186 and 196. | |

- There 1s formed a branch line directional coupler 9a
- having a 3 dB coupling degree similar to a conventional
coupler at the central portion of FIG. 1(A) on the upper
surface of the dielectric substrate 10a. Another branch
line directional coupler 96 having a 3 dB coupling de-
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gree similar to a conventional coupler is formed at the

central portion of FIG. 1(B) on the lower surface of the
dielectric substrate 10b.

On the upper surface of the dielectric substrate 10aq,
the signal input terminals 1 and 2 are connected to the
conductors 25 and 26 disposed at the connection poinis
of the directional coupler 9a through connection strip

63
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conductors 31 and 32 having a width of d. The connec-
tion conductors 27 and 28 of the directional coupler 9a
are connected on the lower end of the short side of the
coupling conductor 18a of the directional coupler 9ca
and the short side of the coupling conductor 185 of the
directional coupler 9da through connecting strip con-
ductors 36 and 35. The upper end portion of the short
side of the coupling conductor 18a¢ of the directional
coupler 9ca and the lower end portion of the short side
of the coupling conductor 185 of the directional coupler
9da are connected to the signal output terminals 5 and 7

through connecting strip conductors 39 and 41.
On the lower surface of the dielectric substrate 105,

the signal input terminals 3 and 4 are connected to con-
ductors 25 and 26 at the connection point of the direc-
tional coupler 95 through the connection strip conduc-
tors 33 and 34 having a width of d. Conductors 27 and
28 at the connecting point of the directional coupler 96
are connected to the upper end portion on the short side
of the coupling conductor 19a of the directional coupler
9ca and the lower end portion on the short side of the
coupling conductor 196 of the directional coupler 9da
through the connection strip conductors 38 and 37 hav-
ing a width of d. The lower end portion on the short
side of the coupling conductor 19a of the directional
coupler 9ca and the upper end portion on the short side
of the coupling conductor 195 of the directional coupler
9da are connected to the signal output terminals 6 and 8
through the connection strip conductors 40 and 42. In
the arrangement mentioned above, the signal input ter-
minals 1 and 2 and the signal output terminals § and 7

‘are formed on the outer parts of the left and right side of

the dielectric substrate 10a. The signal input terminals 3
and 4 and the signal output terminals 6 and 8 are formed
on the outer parts of the left and right sides of the di-
electric substrate 10b. Therefore, when lead wires are
connected to the signal input terminals and the signal
output terminals, the connection of the lead wires 18
easy since the connecting positions do not overlap.
Moreover, in order to transmit 3 power of the input
signals entered at the signal input terminals 1 to 4 to the
signal output terminals 5 to 8 with the same phase differ-
ence of the input signals, the electric lengths of the parts
beginning from the signal input terminals 1 to 4 to the
input ends of the respective directional couplers 9ca and
9da including connection strip conductors 31 and 395,
connection strip conductors 32 and 36, connection strip
conductors 33 and 37 and connection strip conductors
34 and 38 are equivalent. Also, the electric lengths of
the parts beginning from the output ends of the direc-

tional couplers 9ca and 9da including the connection

strip conductors 39 to 42 are equivalent.

The multi terminal directional coupler, arranged as
mentioned above, has an equivalent circuit to the circuit
of FIG. 3 and can act similar to the circuit of FIGS.
4(A) and 4(B). Although in the embodiment mentioned
above the terminals 1 to 4 are used as the signal input
terminals and the terminals 5 to 8 are used as the signal
output terminals, the multi terminal directional coupler
can act as a reversible circuit. Therefore, the terminals
1 to 4 can be used as the signal output terminals and the
terminals 5 to 8 can be used as the signal input terminals.

In the arrangement shown in the present arrange-
ment, it is possible to decrease the sides of the device to
about 3 of the conventional device of FIGS. 4(A) and
4(B). In addition, since the solid crossing part 30 formed
by the strip conductors 36 and 37, as shown 1n FIGS.
4(A) and 4(B) is unnecessary, the input signal can be
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divided into two parts having equal power and good
equivalency. In addition, since the solid crossing part 30
is unnecessary in the present embodiment, it is possible
to form the conductor patterns accurately, whereby,
the electric lengths between the respective input termi-
" nals and output terminals can be made uniformly. Ac-
cordingly, an accurate phase relation can be assured
between the input terminal an the output terminal.

In the embodiment mentioned above, although the
branch line hybrid directional couplers 92 and 96 are
used for dividing and coupling the power of the signal
on the same plane, the present invention is not limited to
this embodiment. For example, various hybrid direc-
tional couplers may be used, such as an interdigit type,
and a tandem connection type hybrid directional cou-
pler for dw1d1ng and coupling the power of the signal.
In this case, it is possible to decrease the sides of the
device, as compared to the device using the branch line
hybrid directional coupler.

In the embodiment mentioned above, although an
explanation is made with respect to the case having four
input and four output terminals, the present invention 1s
not limited to this embodiment. The present invention
can be applied to the case having multi terminals more
than five and there may be arranged such a multi termi-
nal directional coupler having more than three known
directional couplers 9a, 9, and 9¢, and more than two
directional couplers 9ca and 9da .

Moreover in the embodiment mentioned above, al-
though the shape of the coupling conductors 18a, 185,

19a, and 195 and the coupling openings 17a and 17b are
rectangular, they are not limited, as shown in this em-

bodiment. It is possible to form the coupling opening for
coupling the mode coupling conductors 18a, 194, 18b,
and 195.

In the present invention, there are provided a plural-
ity of first directional couplers on both sides of the
ground conductor through the dielectric substrate and

two coupling conductors are formed which are con--

nected with the first directional couplers on both sides
of the ground conductor through the dielectric sub-
strate. In addition, the ground conductor between the
coupling conductors is provided by the opening. More-
over, there are provided the second directional couplers
to couple the coupling conductors, whereby the second
directional couplers act in a similar manner as the con-
ventional branch line directional couplers as shown in
FIGS. 4A) and 4B), so that there are provided two
known first directional couplers and second directional
couplers. Therefore, the multi terminal directional cou-
pler, according to the present invention, can act sumlar
to the conventional directional coupler.

As mentioned above, the first directional couplers are
provided on both sides of the ground conductors
through the dielectric substrates. The coupling conduc-
tors of the second directional coupler are provided on
the dielectric substrates and a multi terminal directional
coupler having % size of the conventional multi terminal
directional coupler can be formed to eliminate the solid
crossing. Accordingly, the conductor patterns of the
directional coupler can be formed accurately, it 1s ad-
vantageous that the signals can be output with a good

electric property for preventing the interference of the

signals at the solid crossing part. |
A further embodiment of the present invention i1s

explained hereinafter.

Referring to FIGS. 5(A), 5(B), 6(A), and 6(B), there
are defined coupling openings 52ax to 52dx which pene-
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trate a ground conductor 11x and have a length W on
the short side and a length Ag/4 on the long side in the
upper left portion, the lower left portion, the central
portion, and the central right portion of an elongated
ground conductor 11x having a thickness. The coupling
openings 52ax to 52dx are filled with coupling insula-
tion materials 10cax, 10cbx, 10ccx, and 10cdx. The
ground conductor 11x is provided between dielectric
substrates 10ax and 10bx.

In the upper left portion of FIG. 5(A) above the
dielectric substrate 10ax, a coupling conductor 51aax
having a rectangular shape of a length S on the short
side and a length Ag/4 on the long side is formed above
the coupling insulation material 10cax. On the other
hand, another coupling conductor 51gbx similar to the
conductor 51aax is formed below the coupling insula-

tion material 10cax on the upper right portion of FIG.

5(B) on the lower surface of the dielectric substrate
10bx. In order to provide input terminals and output
terminals of the multi terminal directional coupler on
the same side and to equalize the electrical length be-
tween the input terminal and the output terminal, the -
coupling conductors 5laax and 51abx are formed so
that the longitudinal directional of the coupling conduc-
tors S1aax and 51abx extend in a parallel direction to the
longitudinal direction of the dielectric substrates 10aax
and 10abx. When a microwave signal is applied to the
ends of the short sides of the coupling conductors Slaax
and 51abx, there is developed a mode coupling between
the coupling conductors 5laax and 5labx and the
ground conductor 11x through the coupling insulation

material 10cax in the coupling opening 52ax. Then, the
input power is divided into two equivalent parts and the

- power is coupled. Thereby, power is output at the other
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end of the short side of each of the coupling conductors
S51aax and 51abx.

Referring to FIGS. 5(A) and 5(B), the positions of the
coupling openings 52ax and 52dx are indicated by dot-
ted lines. The respective short sides of the coupling
opening 52ax of the ground conductor 11x and the
short sides of the coupling conductors S1aax and Slabx
coincide with each other. The dielectric substrates 10ax
and 106x and coupling insulation material 10cax are
formed in one body having the same dielectric constant.
The same structure may be employed in the directional
couplers 50bx to S0dx.

FIGS. 10(A) and 10(B) are respectively vertical cross
sectional views showing the electric field distribution of
odd and even modes from a known vertical mode driv-
ing at the coupling portion on the F—F' line of FIG. 3.
In the even mode, which is shown in FIG. 10(A), there
are developed electric force lines between the coupling
conductors 51aax and 51abx and the ground conductor
11x, whereby, the opening acts as a magnetic wall. On
the other hand, in the odd mode, which is shown in
FIG. 10(B), there are developed electric force lines
between the coupling conductors Slaax and Slabx and
the ground conductor 11x, whereby the opening acts as
an electric wall.

Accordingly, a directional coupler 30ax having a
predetermined coupling degree is formed by the ground
conductor 11x and the coupling conductors S1aax and
S1abx are formed on the dielectric substrates 10ax and
1056x. Therefore, there can be provided a four terminal
directional coupler 50ax having a coupling degree of 3
dB by selecting the dielectric constant of the dielectric

substrates 10ax and 10bx, the width S of the coupling

conductors Slaax and 51abx and the width W of the
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coupling opening 52ax. It is noted that the coupling
degree is 3 dB. In order to increase the coupling degree,
the width W of the coupling opening 52ax is made
large.

- There is formed a coupling conductor 51bax having
the same shape of the conductor Slaax direcily above
the coupling insulation material 10cbx in the lower left
portion of FIG. 5(A) on the dielectric substrate 10ax. A
coupling conductor 51bbx having the same shape of the
conductor 51abx is formed directly below the coupling
insulation material 10cbx in the lower right portion in
FIG. 5(B) on the lower surface of the dielectric sub-
strate 10bx. Accordingly, there can be provided a direc-
tional coupler 50bx having a 3 dB coupling degree in a
similar manner as the directional coupler 50ax by the
ground conductor 11x and the coupling conductors

51bax and S$1bbx.
There is formed a coupling conductor S1cax having

10

15

the same shape of the conductor Slaax directly above

the coupling insulation material 10cdx at the right cen-
tral portion of FIG. 5(A) on the dielectric substrate
10ax. A coupling conductor 51dbx having the same

20

shape of the conductor 51abx is formed directly below

the coupling insulation material 10cdx at the left central
portion of FIG. 5(B) on the lower surface of the dielec-
tric substrate 10bx. Accordingly, there can be provided
a directional coupler 50dx having a 3 dB coupling de-
gree in a similar manner as the directional coupler Slax
by the ground conductor 11x and the coupling conduc-

tors S1dac and 51dbx.
On the upper surface of the dielectric substrate 10ax,

25

30

the signal input terminal 1x is connected to the connec-

tion terminal 56ax on the upper portion of the coupling
conductor Slaax of the directional coupler S0ax
through a connection strip conductor 61x. The connec-
tion terminal 57ax on the lower portion of the coupling
conductor Slaax of the directional coupler 50ax 1s con-
nected to the connection terminal 56cx on the upper
portion of the coupling conductor S1lcax of the direc-
tional coupler 50cx through a connection strip conduc-
tor 63x having a S shape. The connection terminal 57¢x

on the lower portion of the coupling conductor Slcax of

the directional coupler 50cx is connected to the signal
output terminal 5x through the connection strip con-

35

40

ductor 65x. The signal input terminal 2x 1s connected to 45

the connection terminal 56bx on the upper portion of
the coupling conductor 51bax of the directional coupler
50bx through the connection strip conductor 62x. The
connection terminal 57b6x on the lower portion of the
coupling conductor 51bax of the directional coupler
- 50bx is connected to the connection terminal 57dx of
the coupling conductor 51dax of the directional coupler
50dx through the connection strip conductor 64x hav-

50

ing a zigzag shape. The connection terminal 56dx in the

upper portion of the coupling conductor 51dax of the
directional coupler 50dx is connected to the signal out-
put terminal 6x through the connection strip conductor
66x. |
On the lower surface of the dielectric substrate 10bx,
the signal input terminal 3x is connected to the connec-
tion terminal 39ax on the lower portion of the coupling
conductor S1labx of the directional coupler S0ax con-
nection terminal S8ax in the upper portion of the cou-
pling conductor S1labx of the directional coupler S0ax is
connected to the connection terminal 58dx in the upper
portion of the coupling conductor 51dbx of the direc-
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tional coupler 50dx through the connection strip con-

ductor 73x having a zigzag shape. The connection ter-

12

minal 59bx in the lower portion of the coupling conduc-
tor 51dbx of the directional couple 50dbx is connected
to the signal output terminal 7x through the connection
strip conductor 75x. The signal input terminal 4x is
connected to the connection terminal 59bx in the lower

~portion of the coupling conductor 51bbx of the direc-

tional coupler 50bx through the connection strip con-
ductor 72x. The connection terminal 5S8dx on the upper
portion of the coupling conductor 51bbx of the direc-
tional coupler 50bx is connected to the connection ter-
minal 59¢x in the lower portion of the coupling conduc-
tor S1cbx of the directional coupler 50cx through the
connection strip conductor 74x having an S shape. The
connection terminal 58cx in the upper portion of the
coupling conductor 51cbx of the directional coupler
50cx is connected to the signal output terminal 8x
through the connection strip conductor 76x.

The width of the respective connection strip conduc-
tors 61x to 66x and 71x to 76x are defined according to
the characteristic impedance.

As shown in FIGS. 5(A) and 5(B), the signal. input
terminals 1x to 4x and the signal output terminals 5x to
8x are formed so that they are located alternatively on
the dielectric substrates 10ax and 10bx with the differ-
ent position of one side of the dielectric substrates 10ax
and 10bx. Accordingly, in order to connect a lead wire
to the respective signal input and output terminals 1x to
8x, the respective connection points do not overlap so
that the work connection is easy. In order to output a
signal having 4 power of the input signal applied to the
signal input terminals 1x to 4x at the respective output
terminals 5x to 8x with the same phase difference, the
electric length of the connection strip conductor begin-
ning from the respective signal input terminals 1x to 4x
and ending at the signal output terminals 5x to 8x
through the respective directional couplers. That is, the
electric length is the total electric length of the connec-
tion strip conductors 61x, 63x and 65x; the total electric
length of the connection strip conductors 62x, 64x and
66x; the total electric length of the connection strip
conductors 71x, 73x and 75x; and the total electric
length of the connection strip conductors 72x, 74x and
76x are made uniform.

The multi terminal directional coupler as mentioned
above is equivalent to the circuit 100x of FIG. 1, and
can operate in the same manner as the coupler of FIGS.
14(A) and 14(B). In the embodiment mentioned above
the terminals 1x to 4x are used as the signal input termi-
nal and the terminals 5x to 8x are used as the output
terminals. However, the multi terminal directional cou-
pler according to the present invention is a reversible
circuit. Therefore, terminals 1x to 4x may be used as the
signal output terminals and terminals 5x to 8x may be
used as the signal input terminals.

In the arrangement of this embodiment, four direc-
tional couplers 50ax to 50dx are used with the two
directional couplers 50ax and 50bx juxtaposed on the
upper portion and the lower portion of FIGS. 6(A) to
6(C) and two directional couplers 50cx and 50dx juxta-
posed on the left portion and the right portion of FIGS.
6(A) and 6(C). Therefore, the size of the multi terminal
directional coupler 60x can be decreased about § com-
pared to a conventional coupler as shown in FIGS. -
14(A) and 14(B). Since the solid crossing 30x formed by
the strip conductor 37x as shown in FIGS. 14(A) and
14(B) can be eliminated, the input signal can be divided
into equivalent power having a good uniformity. In this
embodiment, since the solid crossing 30x is eliminated,
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the circuit patterns can be made accurately and the
electric lengths between the input and output terminal
can be made uniform. Therefore there can be obtained
an accurate phase relation at the input terminal and the
output terminal. The conductor patterns on the dielec-
tric substrate of FIG. 5(A) is equivalent to the patterns
that are reversed by 180° from the conductor pattern on
the dielectric substrate 106 and the two conductor pat-
terns can be formed by the same pattern.

FIG. 8(A) is a circuit diagram ‘of a multi terminal
directional coupler 60x wherein the connection strip
conductors formed on the top surface and the lower
surface of the multi terminal directional coupler 60x of
FIGS. 5(A) to 5(B) are separately shown. In FIG. 8(A),
the real lines in the connection line and the directional
coupler show the connection conductors Slaax, 51bax,
51cax and 51dax formed on the dielectric substrate 10ax

and the connection strip conductors 61x to 66x. The

dotted lines in the connection lines and the directional
coupler show the connection conductors S1abx, S1bbx,
S1cbx and 51dbx and the connection strip conductors
T1x to 76x. As shown in FIG. 8(A), the directional
coupler 50cx may be located as shown in F1G. 8(B) at
the solid crossing position 77x on which the connection
strip conductors 65x and 76x cross in a solid manner.
The multi terminal directional coupler 61x arranged as
mentioned above can act in the same manner as the
multi terminal directional coupler 60x with the same
advantage as the multi terminal directional coupler 60x.

FIG. 9 is a further example of the muiti terminal

directional coupler having 8 input terminals and & out-
put terminals according to the present invention. The
multi terminal directional coupler includes two multi
terminal directional couplers 60x and 60'x having four
input and four output terminals and a directional cou-
pler 80x having 8 input terminals and 8 output termi-
nals. The multi terminal directional coupler 60'x 1s
formed in the same manner as the multi terminal direc-
tional coupler 60x shown in FIGS. 5(A) to 3(D) and
includes four signal input terminals I'x to 4'x and four
signal output terminals 5'x to 8'x. The directional cou-
pler 80x includes four directional couplers S0ex to S04x
having the same structure as the directional couplers
50ax to 50dx, and act similar to the conventional direc-
tional coupler 118x of FIG. 8. The signal output termi-
nals 5x to 8x and 5'x to 8'x are connecied to the signal
input terminals 81x to 88x and the multi terminal direc-
tional coupler of FIG. 9 acts similar to the conventional
multi terminal directional coupler 120x of FIG. 12.
- FIGS. 7(A) to 7(C) show the specific structure of the
directional coupler 80x of FIG. 9. In FIGS. 7(A) to
7(C), although there is shown only one directional cou-
pler 80x, the directional coupler 80x is formed inte-
grally with the two multi terminal directional couplers
60x and 60'x on the dielectric substrate 10ax and 10bx.
The structure of the directional coupler 80x is explained
hereinafter.

In FIGS. 7(A) to 7(C), four coupling conductors
S1eax, 51fax, S1gax and 51hax having the same shape as
the conductor 51aax are juxtaposed in left and right
directions with the predetermined space in the central
portion of the upper surface of the dielectric substrate
10ax directly above the coupling dielectric materials
10cex, 10¢fx, 10cgx and 10chx.

In FIGS. 7(A) to 7(C), four coupling conductors
S1ebx, 51fbx, S1gbx and 514bx having the same shape as

the conductor 51abx are juxtaposed in left and right

directions with the predetermined space on the central
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portion of the upper surface of the dielectric substrate
10bx directly below the coupling dielectric materials
10cex, 10cfx, 10cgx and 10chx. Accordingly, there is
formed a directional coupler 50ex having a 3 dB cou-
pling degree being the same as the directional coupler
50ax by the coupling conductors $leax and S1ebx and
the ground conductor 11x. There is formed a direc-
tional coupler 50fx having a 3 dB coupling degree the
same as the directional coupler 50ax by the coupling
conductors 51fax and 51/bx and the ground conductor
11x. There is formed a directional coupler 50gx having
a 3 dB coupling degree the same as the directional cou-
pler 50ax by the conductors S1gax and 51gbx and the
ground conductor 11x. There is formed a directional
coupler 504x having a 3 dB coupling degree the same as
the directional coupler 50ax by the coupling conductors
S51hax and 5S1hbx and the ground conductor 11x.

On the top surface of the dielectric substrate 10ax, as
shown in FIG. 7(A), the signal input terminal 81x 1s
connected to the connection terminal 56Ax in the upper
portion of the coupling conductor 514ax of the direc-

tional coupler 504x through a connection strip conduc-
tor 201x having a zigzag shape. The connection termi-

nal 574x on the lower portion of the coupling conduc-
tor 51hax of the directional coupler 50/x 1s connected
to the signal output terminal 89x through the connec-
tion strip conductor 202x. The signal input terminal 82x
is connected to the connection terminal 56gx in the
upper portion of the coupling conductor S1gax of the
directional coupler 50gx through a connection strip
conductor 203x having a zigzag shape. The connection
terminal 57gx on the lower portion of the coupling
conductor 51gax of the directional coupler 50gx is con-
nected to the signal output terminal 90x through the
connection strip conductor 204x. The signal input ter-
minal 83x is connected to the connection terminal §7ex
in the lower portion of the coupling conductor Sleax of
the directional coupler 50ex through a connection strip
conductor 205x having a zigzag shape. The connection
terminal 56ex in the upper portion of the coupling con-
ductor 5leax. of the directional coupler 30ex is con-
nected to the signal output terminal 91x through the
connection strip conductor 206x. The signal input ter-
minal 84x is connected to the connection terminal 57/x
in the lower portion of the coupling conductor S1fax of
the directional coupler 50/x through a connection strip
conductor 207x. The connection terminal 56/x on the
upper portion of the coupling conductor S1fax of the
directional coupler 50/x is connected to the signal out-
put terminal 92x through the connection strip conduc-

tor 208x. | | -
As shown in FIG. 7(C), on the lower surface of the

dielectric substrate 10bx, the signal input terminal 85x is

connected to the connection terminal 58/x in the upper
portion of the coupling conductor 31/bx of the direc-
tional coupler 50x through a connection strip conductor .
209x. The connection terminal 59fx in the lower portion
of the coupling conductor 51/bx of the directional cou-
pler 50/x is connected to the signal output terminal 93x
through the connection strip conductor 210x. The sig-
nal input terminal 86x is connected to the connection
terminal 58ex in the upper portion of the coupling con-
ductor 51ebx of the directional coupler 50ex through a
connection strip conductor 211x. The connection termi-

nal 59ex on the lower portion of the coupling conductor
S1ebx of the directional coupler 50ex is connected to the
signal output terminal 94x through the connection strip
conductor 212x. The signal input terminal 87x is con-
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nected to the connection terminal 59gx in the lower
portion of the coupling conductor 31gbx of the direc-

tional coupler 50gx through a connection strip conduc-
tor 213x having a zigzag shape. The connection termi-
nal 58¢x on the upper portion of the coupling conductor
51gbx of the directional coupler 50gx is connected to
‘the signal output terminal 95x through the connection
strip conductor 214x. The signal input terminal 88x is
connected to the connection terminal 594x in the lower
portion of the coupling conductor 514bx of the direc-
tional coupler 50Ax through a connection strip conduc-
tor 25x having a zigzag shape. The connection terminal
584x in the upper portion of the coupling conductor
S51hbx of the directional coupler 504x 1s connected to
the signal output terminal 96x through the connection
strip conductor 216x.

The width of the respective connection strip conduc-
tors 201x to 216x is determined corresponding to the
characteristic impedance.

It is noted that the respective signal input terminals
81x to 84x and the signal output terminals 89x to 96x are
formed alternatively on the dielectric substrates 10ax
and 10b6x as shown in FIGS. 7(A) and 7(C) with the
different positions on one side of the dielectric sub-
strates 10ax and 10bx. Accordingly, when connecting
the lead wires to the signal input and output terminals
81x and 96x, the connection points do not overlap and
the connection of the lead wires 1s easy.

- In order to output the signal corresponding to the

input signal applied to the signal input terminals 81x to
88x at the respective output terminals 89x to 96x with
the same phase difference, the electric length of the
connection strip conductor begins from the respective
signal input terminals 81x to 88x and ends at the signal
~ output terminals 89x to 96x through the respective di-
rectional couplers. That is, the total electric length of
the connection strip conductors 201x and 202x includes
the total electric length of the connection strip conduc-
- tors 203x and 204x; the total electric length of the con-
nection strip conductors 205x and 206x and the total
electric length of the connection strip conductors 207x
and 208x being uniform. The total electric length of the
connection strip conductors 209x and 210x includes the
total electric length of the connection strip conductors
211x and 212x, the total electric length of the connec-
tion strip conductors 213x and 214x and the total elec-
tric length of the connection strip conductors 215x and
216x being uniform.
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The directional coupler 80x mentioned above is con- '

nected to the muiti terminal directional couplers 60x
and 60'x formed integrally. It is possible to provide the
8 input and 8 output multi terminal directional coupler
'118x as shown in FIG. 12 and the directional coupler
80x operates similar to the known multi terminal direc-

tional coupler 120x of FIG. 12. The multi terminal

- directional coupler 120x is a reversible circuit similar to
the multiple directional coupler 60x. The multi terminal
directional coupler arranged using the directional cou-
plers 50ax to 50Ax has the same advantage as the muli
terminal directional coupler 60x of FIGS. 5(A) to 3(B).
Although, in the embodiments of FIGS. 7 and 9, the
respective directional couplers 50ex and 50fx are lo-
cated at positions as shown in FIG. 9, the directional

>0
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coupler 50ex may be located at the solid crossing por-

tion between the input terminals 83x and 86x and the

output terminals 91x and 94x. That 1s, the directional

coupler 50ex may be located at the position of the direc-
tional coupler 50ex as presently shown in FIG. 9 or at a
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position 302x where the connection strip conductors
206x and 212x cross in a solid manner. Also, the direc-
tional coupler 50fx may be located at the solid crossing
portion between the input terminals 84x and 85x and the
output terminals 92x and 93x. That is, at a position
where the connection strip conductors 208x and 210x
cross a solid manner. In addition, the directional cou-
plers 50ex and 50fx may be located at any one of four
positions mentioned below.

(1) The directional coupler 50ex is located at a posi-
tion 303x where the connection strip conductors 206x
and 209x cross in a solid manner. The directional cou-
pler 50fx is located at a position 304x where the connec-
tion strip conductors 207x and 212x cross in a solid
manner. |

(2) The directional coupler 50ex is located at a posi-
tion 305x where the connection strip conductors 206x
and 210x cross in a solid manner. The directional cou-
pler 50fx is located at a position 306x where the connec-
tion strip conductors 208x and 212x cross in a solid |
manner.

(3) The directional coupler 50ex is located at a posi-
tion 303x and the directional coupler 30fx is located at
a position 306x. |

(4) The directional coupler 50ex is located at a posi-
tion 304x and the directional coupler S0fx is located at
a position 305x.

Although, in the embodiments of FIGS. 7 and 9, the
respective directional couplers S0gx and 504x are lo-
cated at positions as shown in FIG. 9, the directional
coupler 50gx may be located at the solid crossing por-
tion 307x where the connection strip conductors 201x
and 214x cross in a solid manner. The directional cou-
pler 504x may be located at the solid crossing position
308x where the connection strip conductors 204x and
215x cross in a solid manner. |

Although the embodiment is explained with respect
to the directional coupler having four or eight input and
output terminals, the present invention is not limited to
this embodiment. For example, the present invention
may be applied to a multi terminal directional coupler
having more than 16 terminals. In general, the present
invention may be applied to a multi terminal directional
coupler comprising:

first input terminals with the number of terminals
being N/2 wherein N is 27 (n is natural number) and
N/2 first output terminals being respectively juxtaposed
on one side of the ground conductor through the ﬁrst
dielectric substrate;

N/2 second input terminals and N/2 second output
terminals being juxtaposed on another side of the
ground conductor through the second dielectric sub-
strate;

the first multi terminal directtonal coupler compris-
ing nXx27—1 directional couplers formed on the first
dielectric substrate and connected to the N/4 first input
terminals and the N/4 second input terminals, the N/4
third output terminals formed on the first dielectric
substrate and the N/4 fourth output terminals formed
on the second dielectric substrate;

the second multi terminal directional coupler includ-
ing nXx2"—1 directional couplers formed on the first
dielectric substrate and connected to the N/4 first input
terminals and the N/4 second input terminals, the N/4
fifth output terminals formed on the second dielectric
substrate and the N/4 sixth output terminals formed on

- the second dielectric substrate; -
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N/4 first directional couplers connected to either one
of the N/4 third output terminals of the first multi termi-
nal directional coupler and one of the N/4 sixth output
terminals of the second multi terminal directional cou-
plers without overlapping each other and connected to
either one of the N/4 first output terminals and one of
the N/4 second output terminals without overlapping

each other; and
N/4 second directional couplers connected to either

one of the N/4 fourth output terminals of the first multi 10

terminal directional coupler and one of the N/4 fifth
output terminals of the second multi terminal direc-
tional couplers without overlapping each other and
connected to either one of the N/4 first output terminals
and one of the N/4 second output terminals without
overlapping each other;

whereby the first multi terminal directional coupler
the second multi terminal directional coupler, the N/4
first directional couplers and the N/4 second directional
couplers and two coupling conductors in which the
respective opposite ends form the input terminals and
the output terminals are formed on both sides of the
ground conductor through the first dielectric substrate
and the second substrate, so that the respective coupling
conductors are coupled electromagnetically through
the opening defined in the ground conductor.

In the present embodiment, the respective coupling
conductors S51aax, Slabx, S1bax, 51bbx, 51cax, 51cbx,
S1dax, 51dbx, S51eax, Slebx, 51fax, 51fbx, S1gax, S1gbx,
S1hax and 512bx and the coupling openings 52ax to
524x are elongated in rectangular shape. The shape of
the conductors may be selected as desired so far as there
are formed openings in the ground conductor 11x be-
tween the respective pairs of conductors 3laax and
S1abx: 51bax and 51bbx; 51cax and Slcbx; Sldax and
51dbx; 51eax, 51ebx; 51fax and 51/bx; S1gax and S1gbx
and S1hax, 51hbx so that electromagnetlc mode cou-
pling is formed between the pairs of the couplmg con-
ductors.

As mentioned above, in the present invention, there
are provided N input and output terminals (wherein N
is 2/ (1 is a natural number)) and 1X2/—1 directional
couplers so that signals having a/N power of the input
signals applied to the N input terminals can be output at
the N output terminals. The respective 1X2/—1 direc-
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tional couplers are formed on both sides of the ground

conductor through the first and second dielectric sub-
strates with the two coupling conductors having their

opposite ends forming input and output terminals so

50

that the respective coupling conductors can be electro-

magnetically coupled through the opening defined on
the ground conductor formed therebetween. Therefore,
the input terminals, the output terminals, the coupling
conductors of the respective directional couplers and
the strip conductors for connecting the respective ter-
minals and coupling conductors may be formed by
dividing the two dielectric substrates into two parts
formed on both sides of the ground conductor. Accord-
ingly, the size of the multi terminal directional coupler
becomes % as compared to a conventional directional
coupler so that it is possible to decrease the size and
weight. By the arrangement mentioned above, the muiti
terminal directional coupler can be formed without a
solid crossing. Therefore, it is possible to form the cir-
cuit patterns accurately and to prevent the interference
among the signals propagating in the strip conductors.
Therefore, it is possible to provide a multi terminal
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directional coupler in which the power of the signals
can be divided and good electric property is provided.
Referring to FIGS. 15(A) to 15(E) which shows a
further embodiment of the present invention, there are
defined coupling openings 22ay and 22by which pene-
trate a ground conductor 12y and have a length on the
short side and a length Ag/4 on the long side in the
upper right portion and the lower right portion of an
elongated ground conductor 12y having a thickness t0.
The coupling openings 232ay and 22by are filled with
coupling insulation materials 10cay and 10cdy. The
ground conductor 12y is provided between dielectric
substrates 10ay and 10by which have a thickness of t.
In the upper left portion of FIG. 15(A) above the
dielectric substrate 10ay, a coupling conductor 21aay of
a rectangular shape having a length S on the short side
and a length Ag/4 on the long side is formed above the
coupling insulation material 10cay. On the other hand,
another coupling conductor 21aby, which 1s similar to
the conductor 2laay, is formed below the coupling
insulation material 10cay on the central left portion of
FIG. 15(C) on the lower surface of the dielectric sub-
strate 10by. The coupling conductors 21aay and 21aby
are so formed that the longitudinal direction of the
coupling conductors 21aay and 21aby is parallel to the
respective short sides of the dielectric substrate 10ay
and 10by. When the microwave signals are applied to
the ends of the short sides of the coupling conductors
21aay and 21aby, mode coupling is developed between
the coupling conductors 2laay and 2laby and the
ground conductor 12y through the coupling insulation
material 10cay in the coupling opening 22ay so that the
power of the signal is divided into two parts. The di-
vided signals are input to another terminal and the sig-
nals are coupled with the other divided signal and the
coupled signals can be output on the respective ends of
the short sides of the coupling conductors 21laay and
21aby. In FIG. 15(A), the dotted lines indicate the posi-
tion of the coupling openings 22ay and 22by. In one
directional coupler 20ay, the respective short sides of
the coupling opening 22ay of the ground conductor 12y
and the short sides of the coupling conductors 21ay and
21aby coincide with each other. The dielectric sub-
strates 10ay and 10by and the coupling insulation mate-
rial 10cay are made of dielectric material having the

“same dielectric constant. The directional coupler 205y 1s

formed in the same manner as mentioned above.
FIGS. 16(A) and 16(B) are respectively vertical cross
sectional views showing the electric field distribution of
odd and even modes by a known vertical mode driving
at the coupling portion on the B—B’ line in FI1G. 15. In
the even mode of FIG. 16(A), there are developed
electric force lines between the connecting conductors
21gay and 21agby and the ground conductor 12y,
whereby the opening acts as a magnetic wall. On the
other hand, in the odd mode of FIG. 16(B), there are
developed electric force lines between the connecting
conductors 21aay and 21aby and the ground conductor
12y, whereby the opening acts as an electric wall.
Accordingly, there is formed a directional coupler
20ay having a predetermined coupling degree by the

ground conductor 12y and the connecting conductors

21aay and 21aby formed on the dielectric substrate 10ay
and 10by. Therefore, there can be provided a four termi-
nal directional coupler 20ay having a coupling degree of
3 dB by selecting the dielectric constant of the dielectric
substrates 10qy and 10by, the width of S of the connect-
ing conductors 21aay and 21aby and the width W of the
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coupling opening 22ay. It is noted that the coupling

degree is 3 dB. In order to increase the coupling degree,

the width W of the coupling opening 22ay is made large.

There is formed a coupling conductor 21bay having
the same shape of the conductor 21aay directly above
the coupling insulation material 10cby at the central
right portion of FIG. 15(A) on the dielectric substrate
10ay. A connecting conductor 2150y having the same
shape of the conductor 21aby is formed directly below
the coupling insulation material 10cby at the central left

portion of FIG. 15(B) on the lower surface of the di-

electric substrate 10by. Accordingly, there can be pro-
vided a directional coupler 2056y having a 3 dB coupling
degree in a similar manner as the directional coupler
20ay by the ground conductor 12y and the connecting
conductors 21bay and 21bby.

A hybrid amplifier 5y having a known structure with
a predetermined amplification factor is formed at the
central portion of the upper surface of the dielectric
substrate 10ay. A hybrid amplifier 6y having a known
structure with a predetermined amplification factor is
formed at the central portion of the lower surface of the
dielectric substrate 10by. | | |

In the upper surface of the dielectric substrate 10ay,
the signal input terminal 1y is connected to the connec-
tion terminal 23ay in the upper portion of the coupling
conductor 2laay of the directional coupler 20ay
through a connection strip conductor 131y. The con-
nection terminal 24ay in the lower portion of the cou-
pling conductor 21aay of the directional coupler 20ay is
connected to the signal input terminal Say of the ampli-
fier Sy through the connection strip conductor 133y.
The output terminal 5by of the amplifier Sy is connected
to the connection terminal 23by in the upper portion of
the coupling conductor 21bay of the directional coupler
20by through a connection strip conductor 135y. The
connection terminal 24by in the lower portion of the
coupling conductor 21bay of the directional coupler
2056y is connected to the non reflective terminating de-
vice 8y through the connection strip conductor 138y.

In the lower surface of the dielectric substraie 105y,
the connection terminal 26ay in the lower portion of the
connection conductor 21aby of the directional coupler
20ay is connected to a non reflective terminating device
7y through the connection strip conductor 132y. The
connection terminal 28aqy in the upper portion of the
connection conductor 21aby of the directional coupler
20ay is connected to the amplifier 6y through the con-
nection strip conductors 134y. The output terminal 65y
of the amplifier 6y is connected to a connection terminal
26by in the lower portion of the connection conductor
21bby of the directional coupler 20by through the con-
- nection strip conductor 136y. The connection terminal
25by for the connection conductor 21bby of the direc-
tional coupler 20by is connected to the signal output
terminal 2y through the connection strip conductors
137y. |

The connection strip conductors 131y to 138y have
- respectively desired widths which are defined by the
characteristic impedance.

In order to match the impedance of the signal input
terminal 1y and the signal output terminal 2y, two am-
plifiers Sy and 6y have the same input and output impe-
dance and the same amplification and gain properties.

The microwave signal entered in the signal input
- terminal 1y 1s input to the connection terminal 23ay of
the directional coupler 20ay, in which the input signal 1s
divided in two parts. One part of the divided signal is
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entered to the input terminal Say of the amplifier Sy
through the connection terminal 24ay situated on the
same plane of the connection terminal 23ay and further
through the strip conductor 133y. Another part of the

divided signal that is divided by the directional coupler

20ay is entered to the input terminal 6ay of the amplifier
6y through the connection terminal 25ay which is lo-
cated on a plane opposite to the plane having the con-
nection terminal 23ay located thereon and further
through the connection strip conductor 134y. The re-
spective signals output from the output terminal Sby of
the amplifier Sy and the output terminal 65y of the am-
plifier 6y are respectively input to the connection termi-
nals 23by and 26by of the directional coupier 20by
through the connection strip conductors 135y and 136y.
The respective signals input to the directional coupler
20by are composed or coupled and the composed sig-
nals are output at the signal output terminal 2y through
the connection terminal 25by and the connection strip
conductor 137y.

In the microwave balanced amplifier mentioned
above, two amplifiers Sy and 6y are located on the di-
electric substrates 10ay and 10by. Since the two amplifi-
ers are separated by the ground conductor, interference
does not occur for the signals from the amplifiers Sy and
6y. Accordingly, the signal entered into the signal input
terminal 1y can be processed having good electrical
properties. Moreover, because two amplifiers Sy and 6y
and the connection strip conductors are located on both
sides of the dielectric substrates 10ay and 10by, it 1s
possible to decrease the size of the microwave balanced
amplifier about 4 of the size of the conventional device.
Thereby, the weight of the amplifier device is reduced. |
Moreover, in the present embodiment it 1s not necessary
to couple the signals by way of ridge coupling using
wire or ribbon conductors as employed in the interdigit
directional coupler. Whereby, the circuit patterns can
be accurately formed and the production of the device
in present embodiment is more simple than the produc-
tion of a conventional device. In addition, since the
conductor patterns of the dielectric substrate 10ay of
FIG. 15(A) is the same as the conductor patterns on the
dielectric substrate 10by of FIG. 15(C), it 1s advanta-
geous for the two conductor patterns to be produced
using the same pattern.

F1G. 17 is a circuit diagram showing an embodiment
of the four input and four output multi terminal ampli-
fier according to the present invention.

In FIG. 17, four amplifiers 31y to 34y are connected
between the first and second multi terminal directional
couplers 201y and 202y, each coupler has four inputs
and four outputs. The multi terminal directional cou-
plers 201y and 202y include four directional couplers
40ay to 40dy and 40ey to 40hy each having a 3 dB cou-
pling degree. Whereby, four output signals each having
1 power of the input signals applied to the four input
terminals can be output at the four output terminals.
Accordingly, by changing the amplification factor of
the amplifiers 31y to 34y, there can be obtained at the
output terminals 55y to 58y the cutput signals each hav-
ing a desired power level which have been coupled
from the input signals entered at the input terminals 51y
to 54y with a predetermined power level and then am-
plified. |

FIGS. 18(A) to 18(C) are circuit diagrams showing a
specific structure of the multi terminal amplifier of FIG.
17, FIG. 18(A) is a top plan view of the multi terminal
amplifier, FIG. 18(B) is a plan view showing the ground
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conductor 12y of the multi terminal amplifier of FIG.
18(A) and FIG. 18(C) is a plan view showing conductor
patterns on the dielectric substrate 100y of the multi
terminal amplifier of FIG. 18(A). In FIGS. 18(A) to
18(C), like parts are designated with like reference nu-
merals The multi terminal amplifier includes a first di-
rectional coupler 201y having four directional couplers
40ay to 40dy, an amplifier formed by four amplifiers 31y
to 34y and a second multi terminal directional coupler
202y having four directional couplers 40ey to 40hy.

In FIG. 18(A), there are defined coupling openings
42ay to 42dy which penetrate a ground conductor 12y
and have a length W on the short side and a length Ag/4
on the long side in the upper left portion, the lower left
portion, the central portion and the central right portion
of the multi terminal directional coupler 201y of an
elongated ground conductor 12y having a thickness of
t0. The coupling openings 42ay to 42dy are filled by
coupling insulation materials 10cay and 10cby, 10ccy and
10cdy. In the left central portion, the right central por-
tion, the upper right portion and the lower right portion
of the multi terminal directional coupler 202y of the
ground conductor 12y, there are defined coupling open-
ings 42ey to 42hy peneirating the ground conductor 12y
with short sides having a length of W and long sides
having a length of Ag/4. The respective coupling open-
ings are filled by the coupling insulation materials 10cey,
10c/y, 10cgy and 10chy. The ground conductor 12y is
provided between two dielectric substrates 10ay and
10by. |

On the top surface of the dielectric substrate 10ay,
there are formed rectangular coupling conductors
41aay, 41bay, 41cay, 41day, 4leay, 41fay, 41gay and
41hay each having short sides of a length S and long
sides of a length Ag/4. On the lower surface of the
dielectric substrate 105y of FIG. 18(C), coupling con-
ductors 41aby, 41bby, 41cby, 41dby, 41eby, 41/by, 41gby,
and 414by having the same shape as the conductor
4laay are respectively formed directly below the cou-
pling insulation materials 10cay to 10chy. The respective
input terminals and output terminals of the mult1 termai-
nal amplifier are formed on one side of the multi termi-
nal amplifier. In order to form the same electric length
between the respective input terminals and output ter-
minals, the coupling conductors 4laagy to 41say and
41aby to 41hby are formed in such a manner that the
longitudinal direction of the conductors 41aay to 41Aay
and 41aby to 41hby are in a parallel direction to the short
side of the dielectric substrates 10ay and 10by.

Accordingly, similar to the directional couplers 20ay
and 20by, there is formed a directional coupler 40ay
having a 3 dB coupling degree by the coupling conduc-
tors 41aay and 41by and the ground conductor 12y. In a
similar manner, there are formed directional couplers
40by to 40hy having a 3 dB coupling degree.

On the top surface of the dielectric substrate 10ay, the
signal input terminal 51y is connected to the connection
terminal 43ay in the upper portion of the coupling con-
ductor 41aay of the directional coupler 40ay through a
connection strip conductor 61y. The connection termi-
nal 44ay in the lower portion of the coupling conductor
41aay of the directional coupler 40ay is connected to the
connection terminal 43¢y in the upper portion of the
coupling conductor 41cay of the directional coupler
40cy through the connection strip conductor 62y which
has an S shape. The connection terminal 44¢y in the
lower portion of the coupling conductor 41cay of the
directional coupler 40cy is connected to the input termi-
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nal 31lay of the amplifier 31y through a connection strip
conductor 63y. The signal input terminal 33y i1s con-
nected to the connection terminal 434y in the upper
portion of the coupling conductor 41bay of the direc-
tional coupler 40by through the connection strip con-
ductor 67y. The connection terminal 44by in the lower
portion of the coupling conductor 41bay of the direc-
tional coupler 40by is connected to the connection ter-
minal 44by in the lower portion of the coupling conduc-
tor 41day of the directional coupler 40day through the
connection strip conductor 68y which has a zigzag
shape. The connection terminal 43by in the upper por-
tion of the coupling conductor 41day of the directional
coupler 40by is connected to the input terminal 32ay of
the amplifier 32y through the connection strip conduc-
tor 69y.

The output terminal 31y of the amplifier 31y is con-
nected to the connection terminal 44ey in the lower
portion of the coupling conductor 4leay of the direc-
tional coupler 40ey through the connection strip con-
ductor 64y. The connection terminal 43ey in the upper
portion of the coupling conductor 4leay of the direc-
tional coupler 40ey is connected to the connection ter-
minal 43gy in the upper portion of the coupling conduc-
tor 41gay of the directional coupler 40gy through the
connection strip conductor 65y which has a zigzag
shape. The connection terminal 44gy in the lower por-
tion of the coupling conductor 41gay of the directional
coupler 40gy is connected to the signal output terminal
55y through the connection strip conductor 66y. The
output terminal 32by of the amplifier 32y 1s connected to
the connection terminal 43/y in the upper portion of the
coupling conductor 41fay of the directional coupler
40/y through the connection strip conductor 70y. The
connection terminal 44/y in the lower portion of the
coupling conductor 41fay of the directional coupler 40f
is connected to the connection terminal 434y on the
upper portion of the coupling conductor 41hay of the
directional coupler 404y through the connection strip
conductor 71y which has an S shape. The connection
terminal 444y in the lower portion of the coupling con-
ductor 41kay of the directional coupler 404y i1s con-
nected to the signal output terminal 56y through the
connection strip conductor 72y. |

On the lower surface of the dielectric substrate 105y,
the signal input terminal 52y is connected to the connec-
tion terminal 46ay in the lower portion of the coup ling
conductor 4laby of the directional coupler 40ay
through a connection strip conductor 73y. The connec-
tion terminal 45ay on the upper portion of the coupling
conductor 41aby of the directional coupler 40ay 1s con-
nected to the connection terminal 45dy in the upper
portion of the coupling conductor 41dby of the direc-
tional coupler 40dy through the connection strip con-
ductor 74y which has a zigzag shape. The connection
terminal 46dy in the lower portion of the coupling con-
ductor 41dby of the directional coupler 40dy is con-
nected to the input terminal 33ay of the amplifier 33y
through a connection strip conductor 75y. The signal
input terminal 54y is connected to the connection termi-
nal 46by in the lower portion of the coupling conductor
41bby of the directional coupler 40by through the con-
nection strip conductor 79y. The connection terminal
45by in the upper portion of the coupling conductor
41bby of the directional coupler 40by is connected to the
connection terminal 46cy in the lower portion of the
coupling conductor 41cdy of the directional coupler
40cy through the connection strip conductor 80y which
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has an S shape. The connection terminal 43¢y in the

upper portion of the coupling conductor 41cby of the

directional coupler 40cy is connected to the input termi-
nal 34ay of the amplifier 34y through the connection
strip conductor 81y. | o
The output terminal 33by of the amplifier 33y is con-
‘nected to the connection terminal 46fy in the lower
portion of the coupling conductor 41/by of the direc-
tional coupler 40/ through the connection strip con-
ductor 76y. The connection terminal 45/y in the upper
portion of the coupling conductor 41y of the direction
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coupler 40fy is connected to the connection terminal

46gy in the lower portion of the coupling conductor
41gby of the directional coupler 40gy through the con-
nection strip conductor 77y which has an S shape. The
connection terminal 45¢gy in the upper portion of the
coupling conductor 41gby of the directional coupler
40gy is connected to the signal output terminal 57y
through the connection strip conductor 78y. The output
terminal 34by of the amplifier 34y is connected to the

15

20

connection terminal 45¢y in the upper portion of the

coupling conductor 4leby of the directional coupler

40ey through the connection strip conductor 82y. The
connection terminal 46ey in the lower portion of the
coupling conductor 4leby of the directional coupler
40ey is connected to the connection terminal 464y in the
lower portion of the coupling conductor 414by of the

25

directional coupler 404y through the connection strip

conductor 83y which has a zigzag shape. The connec-
tion terminal 45Ay in the upper portion of the coupling
conductor 41A4by of the directional coupler 404y 1s con-
nected to the signal output terminal S8y through the
connection strip conductor 84y.

The widths of the connection strip conductors 61y
and 84y are determined by the characteristic impedance
corresponding thereto.

30

35

The signals entered to the signal input terminals 51y

to 54y are processed in the multi terminal amplifiers of
FIGS. 18(A) and 18(C). In order to output the pro-
cessed signals to the signal output terminals S35y to S8y
with the same phase difference against the input signals,
‘the electric length of the connection strip conductor
~begin from the respective signal input terminals-S1y to
54y and end at the signal output terminals SSyx to S8y
through the respective directional couplers and the
amplifiers. That is, the electric length includes the total
electric length of the connection strip conductors 61y
and 66y; the total electric length of the connection strip
conductors 67y to 72p; the total electric length of the
~ connection strip conductors 73y to 78y; and the total
electric length of the connection strip conductors 79y to
84y which are made uniform.

The multi terminal directional coupler arranged as
mentioned above is equivalent to the circuit of FI1G. 17.
By changing the amplification factors of the amplifiers
- 31y to 34y, it is possible to obtain the coupled and ampli-

fied signals having a desired power level at the signal
output terminals 55y to S8y from the signal input at the
signal input terminals 51y to 54y which are coupled with
the same degree.

As mentioned above, since the signal input terminals
51y to 54y, the signal output terminals 55y to S8y, the
amplifiers 31y to 34y and the connection strip conduc-
tors 61y to 84y for connecting the respective terminals
are divided in two parts on both sides of the dielectric
substrates 10ay and 106y employing the directional cou-
plers 40ay to 404y in place of using the interdigit direc-
tional coupler, and the size of the four input or output

40

435

50

55

60

65

24

multi terminal amplifier may be decreased to 3 of the
conventional multi terminal amplifier using the inter
digit directional coupler. In the present embodiment,
since it is not necessary to provide a ridge coupling by
the wire or ribbon conductor as used in the inter digit
directional coupler, the circuit patterns can be accu-
rately made and the manufacturing for the present de-
vice is easier than the manufacturing for the conven-
tional device. The conductor patterns on the dielectric
substrate 10ay of FIG. 18(A) are the same as the pat-
terns which are rotated by 180° from the patterns of the
dielectric substrate 106y of FIG. 18(C) around the cen-
ter of the dielectric substrate 105y, whereby the respec-
tive conduction patterns can be made by the same pat-
tern. | |

Although in the present embodiment, the hybrid
amplifiers 5y, 6y and 31y to 34y are formed on the dielec-
tric substrates 10ay and 10by, the present invention is

not limited to this embodiment. It may be possible to

replace the dielectric substrates by semiconductor sub-
strates and the hybrid amplifiers Sy, 6y and 31y to 34y
may be replaced by various types of amplifiers such as
a MMIC formed on the semiconductor substrate. In this
case, the coupling insulation material may be replaced
by a semiconductor material.

Although the coupling conductors 2laay, 21aby,
21day, 21bby, 41aay, 41abyu, 41bay, 41bby, 41cay, 41cby,
41day, 41dby, 41eay, 41eby, 41fay, 41/Dy, 41gay, 41gby,
41hay and 41Aby and coupling openings 22ay, 22by and
42ay to 42hy are respectively formed of a rectangular
shape, the shape is not limited to a rectangular shape,
provided that openings are formed between the cou-
pling conductors of the directional coupler so that the
mode coupling can be electromagnetically developed
between each pair of the coupling conductors.

Although the explanation is made with respect to a
device having four signal input and output terminals,
more than 16 multi terminals may be used in the device
of the present invention.

In place of the amplifiers 5y, 6y and 31y and 34y,
various microwave signal processing devices such as an
attenuator, a phase shifter, a modulator and/or a fre-
quency converter may be used. Accordingly, in the
present invention by providing at least one of the direc-
tional couplers 50ay and 50by the microwave signal
processing device may be provided in the present inven-
tion, so that the present invention can be applied to the
various types of microwave devices. Accordingly, it 1s
possible to provide microwave devices which are able
to process input signals having a good electric property
for preventing the interference between the signals
propagating in the lines with the microwave devices
being small in size, light in weight and capable of easy

manufacturing.
In a case where the phase shifters are used in place of

the amplifiers 5y and 6y of FIGS. 15(A) and 15(C), by
changing the amount of phase shift in the phase shifters,
it is possible to take attenuated microwave signals from
the output terminals 2y using the input microwave sig-
nals at the input terminal 1y.

In the present invention, since there are provided one
or more directional couplers formed in such a manner
that two coupling conductors forming input and output
terminals are disposed on both sides of the ground con-
ductor through the substrates so that the coupling con-
ductors can be electromagnetically coupled through
openings defined in the ground conductor between the
coupling conductors and microwave signal processing
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device disposed in the front stage or the rear stage of the
directional coupler. The coupling conductors of the
directional coupler, the microwave signal processing
device and various lines for connecting the coupling
conductors and the microwave processing device may
be formed on both sides of the two substrates that are
separated into two parts. Accordingly the size of the
microwave device is about 3 of the conventional device

and it is possible to provide a light and small sized de-
vice. Since the device according to the present inven-
tion can be provided without using wire and ribbon
coupling conductors to develop the ridge coupling, the
interference among the signals can be prevented. There-
fore, a microwave device can be provided which is able
to process the microwave signal having a good electric
property.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

We claim:

1. A multi-terminal directional coupler device, com-
prising:

a ground conductor having a top surface, a bottom

surface, and a plurality of openings formed therein;

a coupling insulation material formed in said plurahty

of openings;

first and second dielectric substrates formed on said

top and bottom surfaces, respectively;

a plurality of first directional couplers formed by said
coupling insulation material in said plurality of
openings for electromagnetlc coupling signals;

a plurality of pairs of coupling conductors disposed
on said first and second dielectric substrates, re-
spectively, said plurality of pairs of coupling con-
ductors being disposed adjacent to said plurality of
openings; and

a plurality of second branch line couplers disposed on
said first and second dielectric substrates, said plu-
rality of second branch line couplers being con-
nected to said plurality of pairs of coupling con-
ductors.

2. A coupler device as claimed in claim 1, wherein
said plurality of openings are formed in a rectangular
shape and said plurality of pairs of coupling conductors
are substantially formed in said rectangular shape.

3. A multi-terminal directional coupler device, com-
prising: |

a ground conductor having a top surface, a bottom
surface, and a plurality of openings formed therein;

a coupling insulation material formed in said plurality
of openings;

first and second dielectric substrates formed on said
top and bottom surfaces, respectively;

a plurality of directional couplers formed by said
coupling insulation material over said plurality of
openings for electromagnetic coupling signals;

a plurality of pairs of coupling conductors disposed
on said first and second dielectric substrates, re-
spectively, said plurality of pairs of coupling con-
ductors being disposed adjacent to said plurality of
openings;

a predetermined number of input and output termi-

nals disposed on said first and second dielectric
substrates and connected to said plurality of pairs
of couphng conductors, said predetermined num-
ber of input and output terminals being equal to 2,
where 1 is a natural number greater than or equal to
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2, and said plurality of directional couplers are
equal to 1. 2/—1, and outputting signals to said pre-
determined number of output terminals having 3 of
the power of signals inputted from said predeter-
mined number of input terminals.

4. A microwave device comprising:

a ground conductor having a top surface, a bottom
surface, and a predetermined number of openings
formed therein;

a coupling insulation material formed in said prede-
termined number of openings;

first and second dielectric substrates formed on said
top and bottom surfaces, respectively;

directional couplers, of said predetermined number,
formed by said coupling material over said prede-
termined number of openings for electromagnetic
coupling signals;

first coupling conductors, of said predetermined
number, disposed over said predetermined number

- of said directional couplers on said first dielectric
substrate, said predetermined number of said first
coupling conductors being patterned for connect-
ing said directional couplers thereto;

second coupling, of said predetermined number, con-
ductors disposed over said predetermined number

. of said directional couplers on said second dielec-
tric substrate, said predetermined number of said
second coupling conductors being patterned for
connecting said directional couplers;

- first microwave signal processing means disposed on
said first dielectric substrate, an input of said first
microwave signal processing means being con-
nected to one of said predetermined number of said
first coupling conductors and an output of said first
microwave signal processing means being con-
nected to another of said predetermined number of
said first coupling conductors; and

second microwave signal processing means disposed
on said second dielectric substrate, an input of said
second microwave signal processing means being
connected to one of said predetermined number of
said second coupling conductors and an output of
said second microwave signal processing means
being connected to another of said second coupling

conductors.
5. A microwave device as claimed in claim 4, wherein

- said first and second microwave signal processing

means comprise first and second amplifiers.
6. A method for forming a multi-terminal directional
coupler device, comprising the steps of:

forming a ground conductor having a top surface and
a bottom surface;

forming a predetermined number of openings in said
ground conductor;

disposing a coupling 1nsulat10n materlal in said prede-
termined number of openings;

disposing first and second dielectric substrates on said
top and bottom surfaces, respectively;

forming directional couplers of said predetermined
number corresponding to said coupling insulation
material over said predetermined number of open-
ings for electromagnetic coupling signals;

disposing pairs of coupling conductors of said prede-
termined number on said first and second dielectric
substrates, respectively, adjacent to said predeter-
mined number of openings; and

connecting said predetermined number of said pairs
of coupling conductors on said first and second

dielectric substrates, respectively.
x »* * % %
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